Introduction
Hispanics are disproportionately affected by HIV/AIDS, with annual HIV incidence rates three times greater than those of non-Hispanic whites [1, 2] . Hispanics make up approximately 14% of the US population, but account for 18% of persons diagnosed with HIV/AIDS in the US [1] . Hispanics are the fastest growing minority population, and as their population expands, the absolute number of HIV/AIDS cases among is expected to also rise significantly [1] [2] [3] .
In response to this need, the Center for Disease Control and Prevention (CDC) has issued a summary of recommendations on the epidemic and prevention of HIV in the Hispanic community [4] . The CDC is also sponsoring the cultural adaptation and evaluation of evidence-based HIV prevention strategies developed through the Diffusion of Effective Behavioral Interventions (DEBI) [5] . While the focus on HIV prevention is a key component in addressing disparities in HIV rates among Hispanics, an important aspect, which has received less attention, has been disparities in health outcomes among Hispanics infected with HIV. HIV/AIDS is the fourth leading cause of death among Hispanics aged 35-44, compared to being the tenth leading cause among non-Hispanic whites of the same age group [6] . In addition, rates of death among Hispanics diagnosed with HIV infection have increased from 2005 to 2008 [7] . Late diagnosis and unrecognized HIV infection appear to be important factors associated with disparities in health outcomes and HIV-related mortality.
We performed a systematic review of the literature to evaluate the risk of late presentation to HIV care and death after HIV/AIDS diagnosis among Hispanics living in the US compared to other racial and ethnic groups. We explored the hypothesis that disparities in outcomes are associated with late presentation to care by comparing survival by stage of HIV diagnosis among racial/ethnic groups.
Methods
We searched the PubMed online database for articles published between January 1, 2000 and September 30, 2010 with the following search terms: Hispanic American, Latino, HIV, acquired immunodeficiency syndrome, treatment outcome, mortality, death, late presentation, delayed diagnosis, access to care, and survival. Only English language papers were reviewed. For full details on keywords and combinations used, please see Appendix 1. Of note, in this article we will use the capitalized form of ''Blacks'' and ''Whites'' to refer to non-Hispanic blacks and whites.
Study Selection and Eligibility Criteria Figure 1 provides the PRISMA statement flowchart for systematic reviews [8] . The initial search identified 1,150 potential articles and two from bibliographic review. Titles and abstracts were independently reviewed by two authors (NEC, KRP). For discordant selections, manuscripts were evaluated in more detail and eligibility for inclusion was determined by consensus. Publications were selected for review if (1) there were at least n = 70 HIV-infected Hispanics included in the study, (2) study participants included individuals who were at least 18 years of age, (3) the study was performed in the post-HAART era and either continued or took place after 1/1/2000, (4) the study took place in the 50 United States, (5) the study was either a randomized controlled study or an observational study, (6) the study looked at HIV outcomes including survival, mortality, delayed/late diagnosis, virologic and immunologic outcomes, AIDS diagnoses or time to AIDS. We excluded articles that looked solely at HIV prevention and testing, HIV risk behaviors, and HIV diagnoses as we were not interested in the differential rates of HIV infection, but only outcomes after HIV infection. We also excluded papers that were limited to data from Puerto Rico based on concern that differences in health systems and the lesser prominence of cultural/linguistic barriers might result in inherently different barriers to HIV prevention and care. After review of titles and abstracts, 92 citations were selected for full article review. After reviewing full articles for inclusion criteria, 67 were excluded and 25 included in this review. We grouped articles into two distinct topics: 16 articles were used for survival/mortality, and 15 for delayed diagnosis. Six articles had overlapping data on both topics.
Data Collection and Data Measures
Data were compiled into Microsoft Excel tables. The following data were extracted: study authors, year of publication, study location, years and duration of study, study population or cohort, number of study participants including percent male and percent Hispanic, median age of study participants, CD4 count at entry, % AIDS at entry, HIV transmission risk, outcome measure, and outcome result.
The definition of late diagnosis or delayed presentation to care varied from by study. We broadly defined late presentation as any article that measured concurrent HIV/ AIDS diagnosis, time to AIDS, CD4 count on initial presentation, opportunistic infection at HIV diagnosis, and non-early diagnosis of HIV.
Results

Characteristics of the Study Populations
Although the Hispanic population in the US is highly heterogeneous, the majority of studies analyzed all Hispanics as one group, ignoring differences in country of origin, foreign versus US birth, English proficiency, and gender. Of the 15 articles reviewed for delayed HIV diagnosis or enrollment in care [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] , two included only men (one of them only MSM) [15, 21] , one included only heterosexually-acquired HIV [11] , and five specifically evaluated foreign-born Hispanics (Tables 1, 2) [12, 13, 18, 19, 22] . Of the 16 articles (Tables 3, 4) evaluated for survival data [11-15, 17, 24-33] , one included only women [24] and two included only men (one of them only MSM) [15, 21] . Only two survival articles evaluated differences between US-born and foreign-born Hispanics [13, 26] . In total, only six articles presented data on place of birth [12, 13, 18, 19, 22, 26] ; of these, only two performed analysis by specific countries of origin [13, 26] , and one presented data on language preference [22] .
Outcomes
Delayed HIV Diagnosis
Eight studies ( [16] . Although late presentation was less common among men who have sex with men (MSM) of all racial/ethnic backgrounds, Hispanic MSM were diagnosed later than White MSM (24% vs. 18% late presentation, respectively). The only study reporting similar timing of diagnosis between Hispanics and Whites restricted the analysis only to individuals with heterosexually-acquired HIV [11] .
Among Hispanics, being foreign-born or male increased the risk for delayed diagnosis [11] [12] [13] . According to 2005 CDC data, approximately 40% of Hispanics born in the US had a delayed diagnosis compared to 55% of Mexicans and 59% of Central Americans (AOR for late diagnosis 2.2 and 2.5, respectively) [13] . Along the US-Mexico border, 46% of all Hispanics are diagnosed late compared to 37% of Whites, with a higher proportion of late diagnoses among foreign-born compared to US-born individuals (51% vs. 39%) [12] . In this study, there was an increased risk of delayed diagnosis among foreign-born males (AOR 1.7, 95% CI 1.4-2.2) compared to US-born males, but not between foreign-born and US-born females [12] . The CDC data on heterosexually-acquired HIV infection also found that Hispanic males had a 1.6 (95% CI 1.4-1.8) increased odds of concurrent HIV/AIDS diagnosis compared to Hispanic females [11] .
Delayed Enrollment in HIV Care
Seven studies ( Table 2 ) reported stage of HIV by race/ ethnicity at enrollment in HIV clinical care [9, 10, 14, [18] [19] [20] . All studies showed that Hispanics or immigrants present to clinical care at a later stage in their HIV disease, as measured by percent with AIDS or opportunistic infections (OIs), lower CD4 cell count, or faster progression to AIDS or death. According to data from a ten-city study in the US, Whites were twice as likely as Hispanics and Blacks to be diagnosed very early (within 6 months of infection) [20] . In a national clinical trial study for antiretroviral naïve patients, Hispanics were more likely to progress to AIDS or death in unadjusted analysis, although Table 2 Delayed enrollment in HIV care Table 3 Survival after AIDS diagnosis Table 3 continued J Immigrant Minority Health (2012) 14:65-81 73 3 ), this disparity lessened over time, and Hispanics had the greatest improvement in estimated CD4 count at presentation from 1997 to 2007 [9] .
Three studies evaluated the difference between foreignborn and US-born individuals. In Northern California Public AIDS Program, Hispanics were not at greater risk of late presentation when compared to non-Hispanics, but immigrants (79% Hispanic) were almost three times more likely to have an OI at HIV diagnosis than non-immigrants (7% Hispanic) [19] . In Georgia, foreign-born Hispanic males were at particularly high risk for late presentation to care [18] , but among Hispanics in Los Angeles (LA) County, on adjusted analysis, there was no difference by place of birth or gender in adjusted analysis [22] . However, Spanish-speaking Hispanics in LA County were almost three times more likely to present late compared to English-speaking Hispanics [22] .
Survival/Mortality
Sixteen studies reported survival or mortality rates for HIV-infected Hispanic individuals (Tables 3, 4) [11-15, 17, 24-33] . Of these, ten reported survival specifically in patients diagnosed with AIDS [11-13, 15, 17, 25, 26, 30, 31, 33] , three reported survival after HIV diagnosis [17, 27, 29] , and four reported survival after engagement in HIV care or treatment with ARVs [14, 24, 28, 32] .
Survival after AIDS Diagnosis
Survival among Hispanic patients diagnosed with AIDS was worse in four studies (Table 3) [12, 17, 30, 31] . In the two studies of AIDS surveillance data from New York City, the earlier study (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) showed a 20% increased risk of death among Hispanics compared to Whites (95% CI 10-40%) [30] . The later study (1999) (2000) (2001) (2002) (2003) (2004) found that although Hispanics had a higher HIV-related death rate of 290 per 10,000 people living with AIDS (PLWA) compared to Whites (183 per 10,000 PLWA), after adjustment for age, sex, HIV transmission category, NYC borough, poverty, year of AIDS diagnosis, and CD4 cell nadir, there was no significant difference in relative risk of death [30, 31] . CDC data from 1996 to 2001 demonstrate a 16% increased risk of death for Hispanics compared to Whites three years after AIDS diagnosis, even after controlling for similar confounding factors [17] . In an analysis of three-year survival rates after AIDS diagnosis among four US-Mexico Border States (1996 States ( -2004 , Hispanics were also found to have decreased survival compared to Whites [12] .
Three articles reported better survival in specific riskcategories: Hispanic MSM diagnosed with AIDS between 1996 and 2002 had a slightly higher three-year survival than White MSM (85.2 vs. 84.5%) [15] ; Hispanics with heterosexually acquired HIV and an AIDS diagnosis between 1996 and 2002 also had a higher four-year survival probability than Whites (85 vs. 82% for males, and 84 vs. 81% for females) [11] . Hispanics diagnosed with AIDS in New York City between 2002 and 2005, had better survival among all Hispanics compared to Whites (adjusted hazard ratio [HR] 0.69, 95% CI 0.56-0.84) [26] . Two studies of AIDSreported data from specific cities (Chicago and San Francisco) found no difference in survival, or non-statistically significant trends towards lower survival [25, 33] .
Only two studies reported differences among Hispanics according to country of origin. Although overall survival was similar among Hispanics compared to non-Hispanics diagnosed with AIDS in New York City (2002) (2003) (2004) (2005) , the prognosis was worse for foreign-born Hispanics compared to US-born individuals [26] . Individuals born in Puerto Rico had more than twice the risk of HIV-related death (HR 2.53) than US-born individuals, while those born in the Caribbean and Central America had more than a 50% higher risk of death (HR 1.74 and 1.65, respectively) [26] . A study evaluating CDC data of Hispanics diagnosed with AIDS between 1996 and 2003 found disparities in threeyear survival by place of birth, with worse survival among those born in Puerto Rico, better survival among US-born Hispanics, and the best survival among those born in Central America [13] .
Survival after HIV Diagnosis, Enrollment in HIV Care, or HAART Initiation
Seven studies (Table 4) reported survival in Hispanics: after HIV diagnosis (n = 3) [17, 27, 29] , enrollment in HIV care (n = 1) [28] , or ART initiation (n = 3) [14, 24, 32] . Data from the Veteran's Administration Systems of all reported HIV cases diagnosed in veterans between 1999 and 2001 showed that Hispanics and Blacks had a 41% (95% CI 6-86%) increased risk of death compared to Whites [29] . In addition, Blacks and Hispanics were more likely to have first been identified as HIV-infected during an inpatient visit (20 and 16% versus 11% for Whites, respectively), and a greater proportion of Hispanics had AIDS (41 versus 24-28% for non-Hispanics) [29] . Hispanics with an HIV diagnosis reported to the CDC had a similar three-year survival compared to Whites [17] , but the overall life expectancy was lower in Hispanic males than White males [27, 28] . Hispanics had a significantly higher average years of life lost (AYLL) after HIV diagnosis than both Whites and Blacks at all age categories [27] . Similarly, data from the HIV research network (HIVRN) of patients enrolled in HIV care at seven sites showed a lower life expectancy after HIV diagnosis in Hispanics compared to Whites, and more years of life lost were attributed to late initiation or early discontinuation of ART among Hispanics than other racial and ethnic groups [28] . In contrast, all three studies evaluating survival after ART initiation found no difference in all cause mortality between Hispanic and White patients [14, 24, 32] .
Discussion
We performed a systematic review evaluating timing of HIV diagnosis and survival after HIV/AIDS diagnosis for Hispanics in the US. Despite various definitions of delayed diagnosis, the majority of studies showed that Hispanics were more likely to be diagnosed later than Whites. This is particularly concerning in light of data from two large studies showing a survival benefit for patients initiating ART before the CD4 count declines to less than 500 cells/ ll [34, 35] , and recent changes in the DHHS guidelines recommending earlier initiation of antiretroviral therapy [36] . Although there was a trend towards lower survival among Hispanics with HIV/AIDS compared to Whites, there were notable exceptions that highlight the heterogeneity of the Hispanic population in the US.
Almost all of the studies reviewed showed that Hispanics present later in the course of HIV disease compared to Whites, with males and foreign-born Hispanics at greatest risk for late diagnosis. Only one study, involving individuals with heterosexually-acquired HIV, showed no difference in late diagnosis between Whites and Hispanics [11] . It did, however, show later presentation among Hispanic men compared to Hispanic women [11] . Similarly, among foreign-born Hispanics presenting to a clinic in Atlanta, GA, men were 8.6 times more likely to present with AIDS than Hispanic women [18] . Earlier detection of HIV among Hispanic women may be related to opportunities for HIV screening at routine gynecology or prenatal visits [11] . In support of this hypothesis, the Atlanta study reported that that 25% of the women were diagnosed during prenatal visits [18] . Even though Hispanic women are less likely than Hispanic men to present late, Hispanic women are still more than twice as likely as White women to present late in the disease [12] . Therefore, HIV testing and prevention efforts need to be expanded to prevent late diagnosis among all Hispanics. A culturally acceptable method to increase testing among Hispanic women may involve expanding existing services offered at family planning and women's health visits. Expanding testing among Hispanic males is more challenging, since many do not access the medical system until they are symptomatic with disease [37] . The expansion of culturally-appropriate street and community outreach education and testing may be necessary to reach Hispanic men.
Delayed diagnosis among foreign-born Hispanics is not surprising given well-documented barriers in access to care, particularly for individuals without health insurance and limited English proficiency [38] [39] [40] . Given the clear benefits associated with early initiation of ART, we expected that delayed diagnosis would decrease survival among Hispanics. However, the data on survival after HIV or AIDS diagnosis were less consistent than the data on late presentation.
Among 11 studies evaluating ethnic and racial differences in survival after HIV or AIDS diagnosis, six showed worse survival, three showed no difference in survival, and three showed better survival among Hispanics compared to Whites [11, 12, 15, 17, 25-27, 29-31, 33] . One study found that Hispanics had worse survival than Whites after AIDS diagnosis, but equivocal survival after HIV diagnosis [17] . Hispanics in two specific transmission risk categories (MSM and heterosexual) were reported to have better survival than Whites. An important caveat is that most studies adjusted risks and survival estimates for stage of HIV at diagnosis (CD4 count, AIDS diagnosis, or OI), thereby masking the impact of late diagnosis on survival. Other possible explanations for the discrepancy between late diagnosis and survival include inaccurate data collection, such as differential underreporting on death certificates, especially if a significant proportion of foreign-born Hispanics with HIV return to their country of origin, or misclassification of Hispanic ethnicity as White. Another explanation for the discrepancy between survival and late presentation/access to care is that once engaged in HIV care, Hispanics are receiving appropriate care. In fact, outcomes after initiation of ART were similar between Hispanics and Whites, suggesting adequate adherence to therapy among Hispanics engaged in care [14, 24, 32] .
It is important to note, however, that 50% of the studies found worse survival after HIV/AIDS diagnosis among Hispanics, and that specific Hispanic subgroups appear to be at highest risk for poor outcomes. In particular, even though Puerto Rican-born Hispanics do not present late compared to US-born Hispanics, Puerto Rican-born Hispanics with AIDS have significantly lower survival than US-born Hispanics [13] . Puerto Ricans have the highest rates of HIV transmission through intravenous drug use, and data were adjusted for transmission category, but unknown factors such as adherence and co-morbidities associated with IDU can affect survival estimates. In addition, nonmainland Puerto Ricans may be primarily receiving HIV treatment in Puerto Rico, and differences in mortality may be secondary to system-level differences in the health care system in Puerto Rico compared to mainland US [13] .
Although foreign-born Hispanics were at greater risk for late diagnosis of HIV/AIDS than US-born Hispanics [12, 13, 19, 22] , this delay in diagnosis did not always translate into worse survival. National surveillance data showed better survival among Hispanics with AIDS born in Mexico and Central America compared to US-born Hispanics [13] . However, a higher risk of death in Central and South Americans compared to US born Hispanics was reported in a study from New York [26] . Although HIV care is available to uninsured patients through the Ryan White Act, other factors such as language barriers, lack of familiarity with the US healthcare system, stigma, or fear of deportation often affect access to care. Both the Espinoza and Hanna studies analyzed survival after AIDS diagnosis, thereby controlling for late presentation to care [13, 26] . The reason for the conflicting results is unclear, but the discrepancies highlight the importance of evaluating local populations and specifically defining Hispanic subgroups to properly evaluate high risk groups that may be underrepresented in data from the heterogeneous Hispanic population as a whole.
Our study has several limitations. Many of the studies evaluated CDC name-based surveillance data that do not include HIV data from some states with large Hispanic populations, such as California. In addition, surveillance data and vital statistics data are subject to racial/ethnic misclassification, which is particularly problematic for Hispanics [41, 42] . Analysis of HIV reported cases or HIV cases engaged in care does not provide information about HIV-related mortality in individuals who were never diagnosed with HIV. Given significant delays in diagnosis among Hispanics, it is possible that HIV-related mortality was underestimated or underreported. Finally, and perhaps most importantly, the majority of the studies did not distinguish among Hispanic subgroups. Few studies reported key variables related to migration, such as country of origin, and none reported in-depth analysis of acculturation factors, although one did mention language of interview. Although systematic review of the data allowed us to discern some higher risk groups, such as Hispanic males, Puerto Ricans, and foreign-born Hispanics, the data were insufficient for a conclusive analysis.
Conclusion
In this systematic review of late presentation of HIV and survival/mortality rates, we found evidence that Hispanics tend to present late in the course of their HIV disease compared to non-Hispanic whites. In particular, Hispanic males and foreign-born Hispanics tend to be at increased risk of late presentation, and Puerto Ricans are at highest risk of mortality. We did find that after initiation of ART, there was no difference in survival between Hispanics and Whites, which suggests that disparities in HIV/AIDS survival may be attributed to differences in access to care and delayed diagnosis. These findings have important implications for HIV preventive strategies, such as ''test and treat,'' and for early initiation of ART according to DHHS guidelines. 
